tal data yet describe the chronological sequence of and organization of the recruitment of these proteins.
stop responding to E 2 . Although remodeling complexes and proteasome-mediated degradation may be involved in this obligatory limit to gene expression (Lonard et al., 2000; Fletcher et al., 2002; Reid et al., 2003) , no complete experimental description of this process has yet been obtained. Through the use of chromatin immunoprecipitation (ChIP) assays, we provide an extensive description of the cyclic events that occur to initially achieve and subsequently limit transcription mediated by human ER␣ (hER␣) on an endogenous estrogen-responsive promoter. These results are integrated into a model of transcription activation that considers cycles of protein recruitment on a promoter in vivo, and the prospective generalization of the underlying notions raised by this analysis is then discussed.
Results pS2 Gene Expression Requires hER␣
A general model system where hER␣ is the key regulatory element was required to elucidate the dynamics of a gene activation by hER␣. Among the genes tested, we observed that a 3 hr treatment with 10 nM estradiol (E 2 ) induces the endogenous estrogen-inducible pS2 gene (Masiakowski et al., 1982) content/full/115/6/751/DC1. ChIP patterns obtained on chromatin prepared from MCF-7 cells, treated 3 hr with 10 nM E 2 after 3 days of steroid-deprivation, demonHowever, these experiments clearly demonstrate that proteins targeted to the pS2 promoter after E 2 treatment strate that a number of proteins are engaged on the pS2 promoter ( Figure 1C) 
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. Similarly, CBP, but not p300 or Tip60, is the HAT associated with Pol II on the pS2 promoter. In contrast in pS2 Gene Activation As seen above, at least 30 different proteins become to the HATs and HMTs that are present in multisubunit complexes with TF II A and TBP, the p68 RNA helicase engaged on the pS2 promoter in the presence of E 2 . In order to identify the topology and combinatorial nature (p68) is found alone with these two transcription factors. Importantly, TRAP/mediator is the only complex associof these corecruitments, we used re-ChIP assays to establish which alternative combinations of factors are ated with TF II H, presumably reflecting the role mediator has in stimulating the phosphorylation of Pol II by cdk7, present on the pS2 promoter (Figure 2A) Figure 4G illustrates the common coincident with hER␣ cycles, the occurrence of dimethsequence of recruitment occurring in both transcriptionylation on H4 R 3 corresponds to that for TBP and TF II A ally productive cycles: in essence, following the actions ( Figures 3B and 3F ). While TF II B, which directs isomerof the HATs and HMTs, the pS2 promoter engages TAFs, ization of the preinitiation complex (PIC), becomes cycli-GCN5, and TF II B, facilitatilng recruitment of Pol II, which cally engaged in every cycle of hER␣, remarkably, TBP is then activated by the cdk7 kinase of TF II H (Berk, 1999), and TF II A associate with the pS2 promoter through a allowing the association of elongator proteins. double cycle whose initiation is coincident with greater levels of GCN5 association (40% as compared to 22%, Cyclic Inactivation of pS2 Promoter Figures 3C and 3F ). This suggests that these two tranTranscriptional Competence scription factors help in GCN5 enrollment, and that
We next examined mechanisms that act to remove hER␣ GCN5 plays distinct roles to other HATs, as its recruitand other transcription factors from the pS2 promoter. ment is slightly delayed compared to other HATs. ImporWe were aware that: (1) SWI/SNF complexes engage tantly, the TBP associated factors TAF130 and TAF250, the promoter at the onset of "clearance" (Figure 3 ) and both components of the TF II D multimeric complex, are that (2) deacetylation of histones commences at this recruited to the pS2 promoter with kinetics different than point (Figure 3) . We therefore evaluated the recruitment TBP ( Figure 3G Figures 5 and 6) . In protein binds to a promoter, it may rapidly dissociate summary, transcription initiation is achieved and conand then bind again unproductively until stochastically trolled through opposing cyclical epigenetic processes an event occurs that achieves progress to the next step that initiate and terminate with remodeling of chromatin.
in the transcription cycle. Correspondingly, we describe "waves" of transcription and report quantitative data on the time required for transition from one step to another. 
